A new photosynthetic, sand-dwelling marine dinoflagellate, Ailadinium reticulatum gen. et sp. nov., is described from the Jordanian coast in the Gulf of Aqaba, northern Red Sea, based on detailed morphological and molecular data. A. reticulatum is a large (53-61 μm long and 38-48 μm wide), dorsoventrally compressed species, with the epitheca smaller than the hypotheca. The theca of this new species is thick and peculiarly ornamented with round to polygonal depressions forming a foveatereticulate thecal surface structure. The Kofoidian thecal tabulation is APC (Po, cp), 4′, 2a, 6′′, 6c, 4s, 6′′′, 1p, 1′′′′ or alternatively it can be interpreted as APC, 4′, 2a, 6′′, 6c, 4s, 6′′′, 2′′′′. The plate pattern of A. reticulatum is noticeably different from described dinoflagellate genera. Phylogenetic analyses based on the SSU and LSU rDNA genes did not show any supported affinities with currently known thecate dinoflagellates.
INTRODUCTION 35
In recent decades, it has been shown that marine bottom sediments are inhabited by diverse and 36 abundant assemblage of dinoflagellates (e.g. Balech 1956; Fukuyo 1981; Larsen 1985 benthic dinoflagellate assemblages have been preliminarily described for the first time with 50 emphasis on ciguatera-related species for the central Red Sea off the Saudi Arabia coast (Catania 51 2012), and from the northern Red Sea (Saburova et al. 2013) ; however, there is considerable 52 diversity yet to be described in sand-dwelling dinoflagellates of this region. 53
During preliminary taxonomic surveys of the benthic dinoflagellates inhabiting the 54 bottom sandy sediments within inshore coral reef at Jordanian coast in the northern Red Sea, we 55 have recorded a large-sized photosynthetic sand-dwelling dinoflagellate with unique features that 56 cannot be associated with any currently described species or genus. The present paper describes 57 this taxon on the basis of light and electron microscopical observations and phylogenetic rDNA 58 study. 59 60 morphological and molecular analysis. For this reason, culture studies of this species have not 86 been carried out. 87
88
Light and scanning electron microscopy 89
For detailed observation, cells were isolated by micropipetting in preparation for high-90 magnification photomicroscopy, and were examined with the Leica DMLM (Leica, Wetzlar, 91
Germany) microscope at 630× to 1000× magnification. LM observation of the thecal plate 92 tabulation was performed on cells stained with Calcofluor White M2R (Sigma Chemical Co.) 93 according to the method of Fritz and Triemer (1985) . To visualize nuclei, 4′,6-diamidino-2-94 phenylindole (DAPI) fluorochrome was applied to cells fixed in 2.5% glutaraldehyde. 95
Micrographs were obtained using Leica DMLM microscope equipped with epifluorescence (100 96 W short arc mercury lamp), DIC optics, and Leica DFC 320 digital camera. 97 SEM was employed for detailed observations of the thecal surface. For SEM, cells were 98 individually isolated and concentrated in 0.2 mL tubes containing distilled water and a drop of 99 formaldehyde to prevent fungal development. Cells were filtered using polycarbonate membrane 100 filters (Millipore RTTP Isopore, 1.2 µm pore size, Millipore, Billerica, MA, USA), rinsed in 101 deionized water, and prepared according to Chomérat and Couté (2008) . The examination was 102 performed using a Quanta 200 (FEI, Eindhoven, the Netherlands) scanning electron microscope 103 with an electron acceleration of 5 kV. The SEM photographs were presented on a uniform 104 background using Adobe Photoshop CS2, v. 9.0.2 (Adobe Systems, San Jose, CA, USA). 105
Morphometric measurements were made either from the calibrated digital LM images 106 using Leica Application Suite v. 3.7 software (Leica Microsystems Ltd, Switzerland) or were 107 calculated from scanning electron micrographs. Cell dimensions were measured in 12 specimens. 108
Dimensions are given as the mean ± standard deviation. 109
111

Morphological description and taxonomic assignment 112
To describe the thecal plate tabulation, the nomenclature of Kofoid (1909 Kofoid ( , 1911 was applied, 113 and the alternative plate pattern interpretation follows Balech (1980 Balech ( , 1988 Single cells were isolated from samples with a capillary pipette under an Olympus IX41 inverted 119 microscope (Olympus, Tokyo). They were rinsed in several drops of distilled water and then 120 placed in a 0.2 mL PCR tube containing 5 µl of distilled water. Then, the tubes were stored at -121 20°C prior to analysis. For PCR, tubes were thawed and processed as described previously in 122 Chomérat et al. (2010b Chomérat et al. ( , 2012 . 123
124
Phylogenetic analyses 125
The SSU sequences obtained were aligned with other dinoflagellates sequences and other 126
Alveolates as external group, using MAFFT software version 7 (Katoh and Standley 2013) with 127 selection of the Q-INS-i algorithm which considers the secondary structure for the alignment. 128
The alignments were then refined by eye with MEGA software version 5.2.1 (Tamura et al. 129 2011). For SSU a dataset of 77 taxa, including a sequence of Perkinsus marinus as outgroup, and 130 1691 aligned positions has been used. For LSU, ambiguous parts of the alignment (including the 131 D2 domain) were excluded from the analysis using Gblocks software version 0.91b (Castresana 132 2000), with less stringent parameters. As a result a matrix of 52 taxa including three Ciliates 133 sequences as outgroups, and 812 positions was used. GenBank accession numbers of all 134 sequences used are available in the supplementary material (Appendix S1). 135
For each data set, evolutionary models were examined using maximum likelihood and 136
Bayesian Inference analysis. The evolutionary model was selected using jModelTest version 137 0.1.1 (Posada 2008 ). According to Akaike information criterion (AIC) and Bayesian information 138 criterion (BIC), a general time reversible (GTR) model with a gamma correction () for among-139 site rate variation and invariant sites was chosen for the SSU dataset while a GTR model with no 140 invariant sites was chosen for the LSU dataset. 141
Maximum likelihood analyses were performed using PhyML version 3.0 (Guindon et al. 142 2010), and Bayesian analyses were run using Mr Bayes version 3.1.2 (Ronquist and Huelsenbeck 143 2003) . Bootstrap analysis (1000 pseudoreplicates) was used to assess the relative robustness of 144 branches of the ML tree. Initial Bayesian analyses were run with a GTR model (nst=6) with rates 145 set to invgamma (gamma for LSU dataset). Each analysis was performed using four Markov 146 chains (MCMC), with two millions cycles for each chain. Trees were saved every 100 cycles and 147 the first 2000 trees were discarded. Therefore, a majority-rule consensus tree was created from 148 the remaining 18000 trees in order to examine the posterior probabilities of each clade. sheaths located at the corners of the hypotheca (Fig. 1, d, e and g ). The cytoplasm may also 214 contain one or several large pusules and numerous colorless or colored small globules ( Fig. 1, a-215 d). The transverse flagellum runs inside the cingulum completely around the cell (Fig. 1b) . The 216 longitudinal flagellum arises at the upper part of the sulcus, and is slightly longer than the cell 217 length. 218
The Kofoidian plate formula is APC (Po, cp), 4′, 2a, 6″, 6c, 4s, 6′′′, 1p, 1′′′′. The epitheca 219 consists of 14 plates, comprising two plates of the apical pore complex (Po, cp), four apical 220 plates (1′-4′), two anterior intercalary plates (1a, 2a) and six precingular plates (1′′-6′′) ( Owing to the prominent reticulate ornamentation of the thecal surface that obscure the sutures 237 between small epithecal plates, they were hardly distinguished with SEM, but were revealed in 238 calcofluor-stained cells. Thanks to the observation of the epithecal plate pattern with 239 epifluorescence microscopy, three small plates were identified in the dorsal side of the epitheca 240 
crenulated sides. Most of the depressions contain from 3 up to 15 small pores of different size 293 (ranging from 0.11 to 0.16 µm in diameter) at the bottom, however, there are depressions without 294 pores (Fig. 5, b, c and f-i) . The 2a plate on the dorsal side of the epitheca bears several 295 depressions surrounded by prominent crest-like rims (Figs. 4, c-f; 5h) . The thecal surface of the 296 ventral side is foveate, ornamented with randomly scattered depressions, which are connected by 297 incomplete ridges (Figs. 3, a and d The cingular plates possess shallow depressions; however, they are less developed than those on 305 other plates (Fig. 4, a-d) . 306
Sutures on the theca are often wide and transversely striated ( Figs. 1f; 3 ; 4, c and d; 5, b-307 d), but they are narrow and smooth in younger specimens (Fig. 4, b and f) . Ailadinium and other genera can be ascertained from molecular data. In the SSU rDNA 330 phylogeny, the clade of A. reticulatum branched as a sister clade to Amphidiniella sedentaria 331 Horiguchi and Pileidinium ciceropse Tamura et Horiguchi but this position is not supported (Fig.  332   7) . In the LSU rDNA phylogeny, the clade of A. reticulatum branched at the base of the 333 Gonyaulacales clade but without statistical support (Fig. 8) . 334
DISCUSSION 336
Alternative plate pattern interpretation 337
As with many other benthic dinoflagellates, which often possess an unusual plate pattern, the 338 thecal tabulation of Ailadinium reticulatum is rather difficult to interpret, and an alternative 339 pattern can be proposed. In particular, the hypothecal plate arrangement and the sulcal area can 340 be interpreted differently than we have described previously. 341
To facilitate the further comparison between A. reticulatum and previously described 342 taxa, Kofoidian system of plate tabulation (Kofoid 1909 (Kofoid , 1911 ) was used initially for the 343 hypotheca. In terms of Kofoidian system, the large plate located dorsally in the right posterior 344 half of the hypotheca is interpreted by us as posterior intercalary plate (1p) because of its rather 345 lateral than antapical position, as in some gonyaulacoid genera (Fensome et al. 1993 ). However, 346 following Balech's modification of the Kofoidian system, in which the posterior intercalary 347 series is defined as 'those touching neither the cingulum nor the sulcus' (Balech 1980 The species most closely morphologically related to Ailadinium reticulatum by the plate 392 pattern is the small, scanty ornamented sand-dwelling Amphidiniella sedentaria, the type species 393 of the monotypic genus (Horiguchi 1995) . Despite the conspicuous difference in the cell size and 394 thecal ornamentation, both species are sand-dwelling, photosynthetic, with similar shape, small 395 epitheca and large hypotheca. In both species, the cells are dorsoventrally compressed and 396 possess the ascending cingulum, widened posteriorly sulcus, and pyrenoid(s). Ailadinium 397 reticulatum has a plate tabulation interpreted in Balech's system, 4′, 2a, 6″, 6c, 4s, 6′′′, 2′′′′, 398 notably similar to that of A. sedentaria (4′, 1a, 7″, 5c, 4s, 6′′′, 2′′′′ The resemblance between Ailadinium reticulatum and dorsoventrally compressed 504
Amphidiniopsis species has been shown as superficial. Based on morphology alone, the plate 505 pattern found in Ailadinium reticulatum has an affinity to the basic plate tabulation in the 506
Gonyaulacales (Fensome et al. 1993 ) with respect to its overall strongly asymmetry, 507 characteristically shaped first apical plate and APC, and possessing four apical, six pre-and 508 postcingular, one posterior intercalary and one antapical plates. Surprisingly, a minute benthic 509 dinoflagellate Amphidiniella sedentaria has been found to be most closely related to large and 510 heavily ornamented Ailadinium reticulatum by the similarity of shape, in the APC composition 511 and the total number of the epithecal plates, in possessing of small and peculiarly ornamented 512 apical intercalary plate, and in the same pattern of the hypothecal plates. However, Ailadinium 513 reticulatum and Amphidiniella sedentaria differ in the number of apical intercalary, precingular 514 and cingular plates and largely in size; therefore, we decided to consider them as members of 515 two different genera and to propose the erection of the new genus Ailadinium. Based on 516 morphological analysis, Horiguchi assigned the genus Amphidiniella to the Gonyaulacales 517 (Horiguchi 1995) , however, this conclusion has not been supported by further phylogenetic study 518 (Tamura and Horiguchi 2005 
